Manipulation of the operational sex ratio (OSR) in guppies, Poecilia reticulata, causes changes in male-male competition and female mate choice. In this study OSR is defined as the number of sexually active males divided by the total number of sexually active adults of both sexes. The rate of male courtship displays decreased, and interference behaviours between males increased, at male-biased OSRs. The OSR influenced both copulatory tactics and postcopulatory guarding. All copulations followed sigmoid displays, except at an OSR of five males to one female where 60% of copulations occurred during sneak attempts. Compared with copulations that followed sigmoid displays, successful sneak copulations were followed by a shorter period of postcopulatory mate guarding and a shorter refractory period before males resumed courtship activities. Females preferred males with more orange colour whenever they had a choice, and the preference for orange colour was stronger with more male-biased OSRs. The OSR thus influences the presence, absence or relative importance of both female mate choice and male-male competition which, in turn, should affect the evolution of secondary sexual traits.
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The evolution of elaborate sexual characters can be explained by both competition for mates and mate choice (Darwin 1871). The impact and intensity of these two modes of sexual selection may vary in a given time and place, and can occur either independently or simultaneously (Höglund 1989; Andersson 1994) . The operational sex ratio (OSR) is thought to determine, in part, the relative importance of mate choice and sexual competition (Clutton-Brock & Vincent 1991; Clutton-Brock & Parker 1992; Owens & Thompson 1994) . Here I define OSR as the ratio of the number of sexually active males to the sum of sexually active males and receptive females at a given time in a population (Kvarnemo & Ahnesjö 1996) .
A bias in OSR can alter both male-male competition and female mate choice. Many studies have shown that in male-biased OSRs, males tend to compete more intensively for mates because they have more potential competitors (e.g. Lawrence 1986; Enders 1993; Krupa & Sih 1993; Jormalainen et al. 1994; Dick & Elwood 1996; Clutton-Brock et al. 1997) , while a study of St Peter's fish, Saratherodon galilaeus, showed that females become more selective because of a greater opportunity to choose mates (Balshine-Earn 1996) . At female-biased OSRs, males of many species become more selective because there are more potential mates. In sex-role-reversed species, females compete more intensely at female-biased OSRs (Colwell & Oring 1988; Berglund 1994; Vincent et al. 1994) . Thus, changes in OSR seem to trigger changes in competition intensity and may cause changes in male mating tactics (Verrell 1983; Krupa & Sih 1993; Berglund 1994; Wearing-Wilde 1996) and prolong copulations (Clark 1988; Souroukis & Murray 1995; Vepsäläinen & Savolainen 1995; Alonso-Pimentel & Papaj 1996; Dick & Elwood 1996; Yamamura & Jormalainen 1996) .
The OSR is influenced by three main factors: the difference in the potential reproductive rate of each sex; the adult sex ratio; and the distribution of sexually mature adults in a population (Clutton-Brock & Parker 1992; Kvarnemo et al. 1995) . Potential reproductive rate is defined as the potential rate at which each sex contributes offspring to the next generation. In species where males do not provide parental care, the male potential reproductive rate is limited only by the number of receptive females. The OSR will be biased towards the more abundant sex with the higher potential reproductive rate.
I investigated experimentally the quantitative effects of the OSR as a continuous variable on female mate choice, and male-male competition. Guppies, Poecilia reticulata, are appropriate test subjects for these effects for several reasons: the OSR and female preference for orange coloration in males can be measured quantitatively; the adult
